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Abstract 

Within the super symmetric 50(10) GUT we explore the possibility of the light 
Higgs doublet being a member of the 16-dimensional spinorial representation. This 
fact is ultimately related with the assumption that the light matter (at least par- 
tially) resides in some of the tensor representations as well. Several interesting fea- 
tures emerge. First, provided that the same 16-plet is responsible for the breaking 
iS'O(lO) — > SU{5), the heaviness of the top can automatically follow from the field 
content at Mqut, without need of any flavour symmetries. Secondly, the doublet- 
triplet splitting problem receives a new natural solution. In addition, a dimension=5 
(Higgsino mediated) proton decay can be naturally suppressed. We construct ex- 
plicit 50(10) models with the above properties, with most general superpotentials 
under the symmetries. 
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1. Introduction 

The SO{10) group has many beautiful properties which make it a promising candidate for 
a reahstic grand unified theory (GUT). As is known, the minimal version of this theory is 
very constrained: each family of quarks and leptons belongs to a single spinorial irreducible 
representation 16"-plet (where a = 1, 2, 3 stands for the family index) and the pair of light 
electroweak Higgs doublets resides in a single 10-plet. This which should lead this theory 
to successful predictions, unfortunately, is precisely what makes it incompatible with 
experiment. The reason is that the standard Yukawa coupling 

F«,^16n6^10, (1) 

'knows' only about the breaking of the electroweak symmetry (through the vacuum ex- 
pectation value (VEV) of the 10-plet) and also about the 'up-down' symmetry break- 
ing through the well-known parameter tan/? (ratio of the 'up' and 'down' Higgs doublet 
VEVs). For the heaviest family this offers the exciting possibility of top-bottom Yukawa 
unification for the large tan/3 regime However, some prediction for the first two gen- 
erations (e.g. = TUs and rric/mt = m^/mb) are a disaster. To avoid the problem, 
the light-fermion Yukawa couplings should receive the message about the GUT symmetry 
breaking at the tree level. This naturally calls for the assumption of the light matter 
residing not purely in three 16-plets, but also (at least partially) in some vector-like rep- 
resentations of 5*0(10), which can directly couple to the GUT breaking VEVs in the 
superpotential 0. There is no reason to assume that this vector-like matter should in- 
clude only new 16, 16 pairs and the tensor representations such as 45-plet can naturally 
be there as well. The latter possibility automatically implies the light Higgs doublet (s) 
residing in the spinorial Higgs representation(s). The simplest candidate for such a Higgs 
is 16, 16 pair, which at the same time is the simplest candidate for the breaking of S'O(IO) 
down to SU{5) and is automatically present in the minimal schemes. Of course, the 
16-plet Higgs in which the light doublets reside, may not be the same as induces the 
breaking 5*0(10) — SU{5). The possibility for the light Higgs doublet to reside in 16 was 
usually ignored in the hterature (for some exceptions see, e.g. 0), and is the subject of 
the present paper. We identify at least two interesting aspects of this scenario. Especially 
interesting we find the situation where there is a single 16, 16 pair in the theory which at 
the same time does the GUT symmetry breaking and delivers a pair of the light doublets. 
This offers an interesting possibility to explain the heaviness of the top quark in terms 
of the 50(10) representation content of the matter multiplets, which are light above the 
GUT scale. 

We construct a simple complete model of this kind in which the light Higgs doublets 
are also partially contained in some 10-plets. The doublet-triplet splitting is generated 
inside the 10-plet via the usual 'missing VEV mechanism' 0] and transmitted to the 16's 
through the proper mixing. The top-bottom hierarchy automatically results from the 
hierarchy of GUT breaking scales, even for the low values of tan/3. 

However, the scenario with light doublets in 16 and 16 also offers a new possibility to 
solve naturally the doublet-triplet splitting problem in terms of the symmetries and the 
group structure and without any light 10 's in the spectrum. Here also we construct the 
simplest model. In this model the pair of 16, 16 that contains the light Higgs doublets is 
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not the same as the one that breaks SO{10) to SU{5); therefore, in this model we do not 
address the question of the heaviness of the top quark. Ahhough in our simplest models 
the two new aspects of the light Higgs doublets in 16, 16 are not simultaneously realized, 
this can in principle be achieved at the expense of a more complicated heavy spectrum. 

2. Naturally heavy top 

Let us address the issue of the fermion masses in the context of the light Higgses Hd) 
living in the 16- dimensional spinor representations which at the same time breaks 
5*0(10) to 5*^7(5). As pointed out above, this implies the light matter residing (at least 
partially) in some tensor representations. 

Let us assume for a moment that this set includes a single 45-plet with the mass 
~ Mg, whereas other states are much heavier ~ Mpianck or so (in particular this can be 
the case if 45 transforms under some extra symmetry broken at Mq)- Then the relevant 
Yukawa couplings are: 

^„Xl6"45 + M45452 (2) 

where are the Yukawa coupling constants and without loss of generality one can always 
redefine 16^ = W^gaig^)^ ■ Thus 45-plet couples effectively to a single 16^. Now inserting 
the S'?7(5)-singlet VEV of x, we find the following mass matrix of the states that transform 
as 10 under SU{5) 

1045[10163^7(X) + 1045M45], (3) 

where g = {g'pY^'^ and (x) ~ M45 is an S'f/(5)-singlet VEV. Thus, one superposition 

^^Ught = [IO163M45 — 1045(x)](M45 + 5'^(x)^)^ stays massless at this stage and gets the 
tree-level mass after electroweak symmetry breaking from the coupling 

^X^^light^^light- (4) 

This induces the mass of a single up-type quark only, naturally to be identified with 
the top. The rest of the matter fermions are left massless at this stage. Thus, top is 
the naturally the heaviest state in this picture and this is achieved without any flavour 
symmetry, or other input difference among families, but just due to a field content at M^Q 

Now what about the masses of the lighter fermions? Although the explanation of 
the complete mass pattern will not be attempted here, we will briefly mention some 
possibilities. One way to generate the masses of the lighter famihes is to assume that they 
come from the effective operators induced after integrating out the vector-like matter at 
scales larger than Mq. 

We thus have to assume couplings 

Xl6°iV + xl6"i? + MrR^ + MnN^ (5) 

where N and R are some heavy fields in the appropriate tensor representations contained 
in the products 16 x 16 and 16 x 16. Mn and M/j have to be understood as certain super- 
positions of constant mass terms with the GUT-breaking Higgs VEVs. After integrating 

^ 1 A similar approach describing the quark mass hierarchy in terms of the heavy field content at AIg 
(without appealing to flavour symmetry) was developed in the context of SU{6) GUT|] 
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them out, we will get effective operators of the form: 



^ -xxiene^ + -Lxxiene'^ (6) 



Mm Mr 

which induce the masses of the light fermions. An alternative way is to assume that the 
small admixture (~ e) of the light doublet resides also in lO'-plet Higgs. Then the lighter 
masses can be induced from the coupling 

10'16°16^. (7) 

In the next section we show that the smallness of e and thus the top-bottom mass hierarchy 
can be directly related to the hierarchy of the S'0( 10)-breaking scales and namely x/^ ~ 
tanPmb/mt, where x and A are two VEVs invariant under SU{5) and SU{4:)c®SU{2)l^ 
U{1)r respectively. 



3. A complete model with naturally heavy top 

We begin with the discussion of the doublet-triplet splitting mechanism. As already 
mentioned, in our model the light Higgs doublets are partially located in the same 16 
that breaks 5*0(10) to SU{5) (to get a natural solution for the heaviness of the top 
quark) and partially in some 10-plet (depending on the symmetries this 10-plet may or 
may not be coupled to light fermions). A realistic model requires the existence of a 45-plet 
Higgs (hereafter denoted by A) with the VEV of the form 

(A) = diag[0,0,0,A,A]®e (8) 

where A ~ Mqut, and each element is assumed to be proportional to the 2x2 antisym- 
metric matrix e. This VEV breaks the Gl,r = SU{2)l ® SU{2)r ® SU{A) subgroup of 
S'O(IO) down to SU{2)l ® U{1)r ® SUi^A) and is thus oriented along the generator of 
SU {2)ji. In combination with the other VEVs, say the 16-plet with non-zero SU(5)-singlet 
VEV, it leads to the desired breaking SO{W) ^ Gw = SU{3)c O SU{2)l O U{1)y. 

We also need another 45-plet Higgs (to be denoted by B) with the VEV along the 
B-L direction 

{B) = dtag[B,B, B, 0,0] (g)e (9) 

in order to ensure the doublet-triplet splitting inside the 10-plet via the usual 'missing 
VEV mechanism [Q. From the first glance the introduction of the second 45-plet looks 
somewhat unmotivated, since the group theoretically single 45-plet A, in combination with 
X, X) is quite enough to break the 50(10) group down to Gw = SU{3)c^ SU{2)l®U{1). 
However, on practice it turns out that the most general renormalizable superpotential of 
single 45 and 16, 16 pair does not allow for such a minimum (the only sensible minimum 
is the S'f/(5)-symmetric one). Thus, the introduction of extra 45-plet (s) (and even 54- 
plet) is necessary in order to complete the breaking (see section 6). In this section we 
construct the superpotential which is most general under symmetries and automatically 
delivers a desired VEV structure. Now let us show how the above VEV structure creates 
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a light doublet in the same 16-plet as does the GUT symmetry breaking. Consider the 
super potential 



Wdt = fxxlO + |xxlO + MIOIO' + gSlO'lO" + |j/10"2 



(10) 



where 10, 10' and 10" are three 10-plets and z/ is a gauge singlet with the VEV ~ Mq. As 
shown below the above structure can be a natural consequence of an exact symmetry of 
the theory and the three 10-plets is a minimal set needed for our purposes (see eq(ll)). 
In the full theory, the above superpotential has to be supplemented with the piece that 
includes the interaction of X) X with other GUT Higgses and induces its VEV in the 
SU (5) singlet direction. This will be done below, but now let us ignore it for the moment 
and only remember that the components of % that transform as 10, 10 under SU{b) 
become heavy (1) because they partially reside in the Goldstone multiplets that are eaten 
up by the gauge superfields of broken generators 5'O(10)/5'C/(5); and (2) because of the 
mixing with the similar components from Higgs 45-plets. Thus, we have to discuss only 
the masses of the states that transform as 5,5 of SU{^). It is not difficult to see that 
the mass matrices of the doublet and triplet components from 10, 10', 10", x, % have the 
following form: 
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Thus, the triplets are all heavy, whereas the doublet mass matrixes have one zero 
eigenvalue each: 

Hu,nt = [H^A - H,,.g'{x)M{x? + A'f' (12) 

Thus, the admixture of the light doublet (s) in x, x and 10' is controlled by the hierarchy of 
the symmetry-breaking scales 5'O(10) ^ SU{A)®SU{2)l®U{1) versus ,50(10) ^ SU{b). 
Say, if the latter scale is somewhat smaller, the light doublet will predominantly live in 
X, X- As was argued above, this offers an interesting possibility for relating the top-bottom 
mass hierarchy to the hierarchy of the symmetry breaking. 

We are now in a position to write the complete superpotential of the theory. In fact 
what we need now is to take care of the Higgs sector that breaks GUT symmetry and 
satisfies the following requirements: 

(a) Wuiggs should be most general under symmetries; 

(6) there should be no 'fine-tuning'; 

(c) it should allow for the G^-symmetric SUSY minimum in which the only light 
states are the ones of the minimal supersymmetric standard model (-1- possibly some 
G|y-singlets) and a pair of light doublets residing at least partially in Higgs 16-plets. 

The Higgs superpotential includes the chiral superfields in the following S'O(IO) rep- 
resentations: S", X, F-singlets; S-54-plet, A, 5, C-45-plets; XiX - 16, 16-plets and three 
10-plets 10, 10', 10". We also introduce two singlets v' and the one 45-plet in the matter 
sector. 
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The Higgs superpotential has the form: 

Wmggs = Wgut + Wdt. (13) 

The two parts are given as 

Wgut = '^STrH'^ + -TrU^ + ^TriaH + M„ + a'S)A^ + ^TrihH + + h'S)B'^ 
4 6 4 4 

+ ^rr(a"XA + h"YB)C + ^x<^x + {r^v + r4Z/')2"^<^^ + ^^-^ 

+ + (14) 

and 

Wdt = 5X10% + ^xlOx + /AlO'lO + gElO'lO" + rt/lO^ + (^i/ + riiy')10"^ (15) 

This form is strictly natural, since it is the most general compatible with the Z2 ® Z2 ® 
C/(l)*" global symmetry under which the chiral superfields transform as follows: under 



under 



and under U{1) 



c 



(A, X, 10', 10") ^ -(A, X, 10', 10") (16) 

(5,F,10") ^ -(5,F'10") (17) 

(C,10,10") ^ e^2"(C,10,10") 
(X,X) ^ e-'"(x,x) 

(x,y,io') ^ e-^^"(x,y'io') 

(^,^') ^ e-^^«(^,^'). (18) 

Besides we also assume 'matter parity' under which 16" and 45 change sign and all 
other superfields are invariant. 

The above superpotential admits the following supersymmetric (F-flat and £)-flat) 
minimum with an unbroken Gw symmetry: 

E = rfmc/(2,2,2,2.2.2,-3,-3,-3,-3)E where S = ^ ~ 

A = diag[{),Q,{},A,A]®e 
B = ciiac/[B, 0, 0] ® e 

a" h" 

X = X = X|+, +,+,+,+) where XA^ YB 

9c 9c 

^ _ 2bMa + 3aMb 
~ 3a6' + 2ba' 

10 = 10' = 10" = C = i/ = (19) 
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According to the standard notations (e.g. see [Q) the SU{5) singlet component of 
16 is denoted by |+, +, +, +, +), where each '+' refers to an eigenvalue of the respective 
Cartan subalgebra generator. The two quantities A and B are determined from the two 
equations: 

10(5(tS - hT.^) - aA^ + bB^ = 

15aS2 + a'A^ + h'B^ + + M'S + = (20) 

Note that the absolute VEVs of the singlets X and Y are undetermined in the SUSY limit, 
and only their ratio, y = ^77^, is determined. The VEV of u' is also undetermined in 
the SUSY limit and we assume that it will be fixed ~ Mq after supersymmetry breaking. 
Then, according to the analysis of section 2, the light doublet pair is partially residing 
in X, X and 10' representations, and its admixture is controlled by the hierarchy of the 
scales {{x)/A ratio). Since the (x) VEV parametrizes a SUSY flat direction, in the SUSY 
limit the theory admits two realistic vacuum states: in the limit (x) >> A it recovers an 
'old' top-bottom unification prediction of the minimal S'O(IO), whereas in the other case, 
(x) << ^, it leads to the heavy top for the low tan/3 regime. 

4. Higgsino-induced proton decay 

Considered scheme allows for the natural suppression of the coloured Higgsino-mediated 
(dimension=5) proton decay 0, which is usually a problem in the standard approaches 
(for some alternative solutions within the 5*0(10) GUT see, e.g.[^). As it is known the 
dangerous dimension=5 operators can occur only if there is a supersymmetric (chirality 
flip) mass insertion M^TT which mixes the colored triplet partners T, T of if„ and 
Higgs doublets respectively. To study suppression we have to identify T, T states that are 
coupled to light matter fermions. This depends on the way the light family masses are 
generated and, therefore, we separately discuss two above-mentioned possibilities. 

One possibility is that 10' is decoupled from the quarks and leptons and the masses 
are generated from the couplings (4) and (6) (which are low energy remnant of (2) and 
(5) respectively). In this case the only colored triplets coupled to light matter are and 

states from x a-nd x respectively. Due to (11) these triplets have no supersymmetric 
crossing mass term and thus, there are no Higgsino induced dimension=5 operators. 

Now assume that at least some of the light fermion masses are induced from the 
coupling (7). Then, there is another pair of coloured triplets Tio',Tio' coupled to the 
quark and lepton superflelds. However, as it can be seen from (11), their chirality flip 
mass term is only induced due to their mixing with 10" (and not directly with each other) 
and, therefore, for u << qB it is suppressed by an additional factor ~ Presumably we 
can not take u arbitrarily small (since it measures a mass of the doublet component from 
10" and this in general can affect the uniflcation of gauge couplings), but even assuming 
it one or two orders of magnitude below Mq one can significantly improve the situation 
with respect to a standard case. 
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5. A model for the doublet— triplet splitting without a light 10- 
plet 



In the previous section we have constructed a simple model with emphasis on the naturally 
heavy top quark. This is achieved by requiring the light Higgs doublet to be in the same 
16 as breaks SO (10). To obtain doublet-triplet sphtting in this model with only one pair 
16, 16, the simplest possibihty is to introduce also a 10-plet. The doublet-triplet splitting 
in the 10-plet is transmitted to the 16-plet and the light Higgs doublet is partially in 
16 and partially in 10. The mixing is controlled by A/{x) which at the same time can 
give heavy top even for low tan/3. In this section we put aside the problem of the heavy 
family quark masses (we assume it can be solved by one of the known (or unknown!) 
mechanisms) and construct an explicit model where the ansatz about light Higgs doublet 
in 16, 16 is used for a non-standard solution to the doublet-triplet splitting. We propose 
a mechanism that makes use solely of 16-plets. One may ask what are the motivations for 
avoiding light doublets residing in the 10-plet Higgs. First, the scenario without light 10- 
plets is logically different possibility which is certainly worth studying. Secondly, we think 
that the introduction of a heavy vector-like matter (which seems in any case is necessary 
for the avoiding the wrong mass relations) in this scenario looks more motivated than 
in the standard versions (with light doublets in 10-plet): in the former case quark and 
lepton masses simply can not be generated without exchange of heavy vector-like states 
(see eq(5)), whereas in the later case they can be induced easily. 

For the Higgs spectrum we take again a 45-plet A with the T^r VEV, a pair x, x oi 
16, 16 which breaks S'O(IO), a pair of 16, 16 with hght Higgs doublet and another 
heavy Higgs 45-plet $. 

Then, the piece of the superpotential responsible for the doublet-triplet splitting has 
the form: 



The doublet-triplet splitting mechanism can be easily understood in terms of the Glr 
invariant decomposition of 45 and 16 representations 



Now, since the VEV of A transforms as (1,3,1) it can give masses only to the right-hand 
doublet states in ip,ip. Thus, all the left-handed states ((2, 1,4) fragment) stay massless 
at these stage. This are the states with quantum numbers of Higgs doublets H, H and 
left-handed quark doublets Q, Q. However, Q, Q states transform as 10, 10 under SU (5) 
and therefore they arc mixed with the similar states from $ through the x, x VEV and 
become heavy. In contrast, the H, H have no partners in $ (which includes no component 
transforming as 5, 5 under SU{5)) and thus stay massless. 

We now proceed to construct an exphcit model with the proper GUT potential. The 
Higgs superpotential includes the chiral superfields in the following SO (10) representa- 
tions: S,X,Y = singlets; S = 54-plet; A, B,C,^ = 45-plets; x, X, V'^ '0 = 16, 16-plets and 
F = 10-plet. The superpotential has the form: 



Wdt = gail^Ail; + g^x^ip + ghx^ip + MTr^'^. 



(21) 



16 = (2,1,4) + (1,2,4) 
45 = (1,3,1) + ... 



(22) 



Wmggs = Wgut + Wdt 



(23) 



8 



where 



4 6 4 4 

+ Vr(a"Xyl + 6"r5)(:7+|^xCx + A^''5 + ^'5' + ^'5' (24) 

and 

w^DT = gfxFx + 9fxFx + g^^^x + g^x^i^ + ga^A^^ + pXTr^'' (25) 

Again, this form is strictly natural, since it is the most general that is compatible with 
the (8) Z2 ®U{1)^ global symmetry under which the chiral superfields transform as 
follows: under 



under Z2 



and under U{1) 



c 



{A,X) 








$ ^ - 












ix,x) 













(26) 
(27) 



(28) 

We assume that all mass scales in Wgut are ~ Mqut and all coupling constants are 
of the order of 1. 

The standard procedure shows that the above superpotential admits the following 
supersymmetric (F-flat and £)-flat) minimum with an unbroken Gw symmetry: 

E = dza5(2,2,2,2,2,2,-3,-3,-3,-3)E where ^^^^^^ 

A = diag[Q, 0, 0, A,A\®e 
B = diag[B,B,B,Q,Q]®e 

a" h" 

X = X = +,+,+,+) where x^^ XA^ YB 

gc gc 

^ _ 2hMa + 3aMb 
~ _ 2,ab' + 2ha' 

ijj = -0 = F==$==C = O (29) 

As was shown above, in the given vacuum Wgut delivers a pair of the light doublets 
from the ipjip multiplets. Once again, this is because ip,ijj states get their masses from 
only the two sources: through the VEV of A and via mixing with the heavy $ through 
the x,X VEV. Now, the A VEV leaves all 5'C/(2)L-doublet states in massless. This 
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is because all these states are zero eigenvalues of the T^r generator. These are the states 
with quantum numbers of Q, Q and H, H. Q, Q components of ■0, ip are mixed with the 
similar components of $ through the VEVs of x, x and become heavy. In contrast, 45-plet 
$ has no colour singlet weak doublet component and thus H, H states are massless. All 
other Gw non-singlet states from Wqut have a GUT scale mass. 

6. Why Wgut^ 

We have discussed in detail the structure of Wdt and Wyukawa in the previous sections 
and each term there plays a well-defined role in the doublet-triplet splitting mechanism or 
in the fermion mass generation respectively. They have an obvious property of each term 
including at least two of the superfields with a vanishing VEVs in the phenomenologically 
acceptable SUSY vacuum. Thus, Wdt and Wyukawa cannot affect the configuration of 
the VEVs in this vacuum and the symmetry breaking pattern is solely decided by Wqut- 
Now what about the structure of Wqut'^ From the first glance its form looks rather ad 
hoc and non-minimal. However, the more careful analysis shows that this form is one of 
the simplest choices that can lead to the desired breaking of SO{10) to Gw and dehver the 
VEV structure necessary for the doublet-triplet splitting. In this section we will justify 
the form of the Higgs superpotential as being one of the simplest possibilities for the 
natural solution of the doublet-triplet splitting problem in 5*0(10). Below we will show 
why the simpler structures do not work. We will also confront the Higgs sectors needed for 
the natural doublet-triplet splitting via two different mechanisms, with the light doublet 
appearing in 10-plets (Dimopoulos-Wilczek mechanism) or 16-plet. As we know, these 
mechanisms require the existence of the 45-plet Higgs A with the VEV along the B-L 
or T^ji directions, (as discussed in section 3, a combination of the two is also possible) 
and the key point is the existence (among other terms) of the couplings Ab-l^0'10 or 

^T3R^GHiggs^Q Higgs- 

Imagine therefore that the GUT sector includes the only two representations: a 45- 
plet A and a 16, 16 pair x- This set would be a very economical and simplest choice, 
since it is sufficient group theoretically for the desired symmetry breaking as well as for 
the desired VEV structure. Unfortunately, this simplest possibility does not work, since 
the GvF-synimetric state never corresponds to a SUSY minimum of the most general 
superpotential with an arbitrary number of gauge singlets included 

1 1 

W — -MATrA^ + -gx-^X + ^xXX + {singlet self — couplings) (30) 

where Ma and have to be understood as the arbitrary (up to a symmetries) 
superpositions of the constant mass terms and the gauge-singlet superfields. The heart 
of the problem is in the F-fiatness condition for the 45-plet {aki are SO{10) generators in 
the spinor representation) 

Fa,, = MAAki + gx<TkiX = 0, (31) 

which tells us that the only vacuum with unbroken Gw is an SU (5)-symmetric one. The 
group theoretical reason for this is that the only acceptable maximal little group of 16 is 
SU{5). 
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The introduction of another 45-plet B does not help much. To see this, first notice 
that a necessary requirement is that an intersection of two VEVs A and B should break 
group to SU{3)c <8) SU{2)l (8) C/(l)c (8) U{1)r, meaning that the matrix 

{A) + e{B) = diag[V, V, V, V, V] ® e (32) 

must have the full diagonal occupied (V, V ^ 0) for some non-zero Q. If this condition is 

not satisfied, the situation is effectively reduced to the case with a single 45-plet. Next, 
let us point out that no matter whether we want to split doublet-triplet masses inside 
the 10-plet or 16-plet Higgs, the A and B must have different transformation properties 
under some symmetry; otherwise the doublet and triplet mass matrices would have the 
same zeros and doublet-triplet splitting would be impossible without fine-tuning. Thus, 
only one of the 45-plets can couple to x, x and we are lead to the generic superpotential 



W = -MATrA^ + -MBTrB^ + -MABTrAB + -gxAx+M^XX+{singlet self -couplings) 

"rr "rr ^ ^ 

(33) 

where, as before, each mass parameter has to be understood as a whatever combination 
of singlets and constant mass terms allowed by symmetries that we will not specify here. 
This form is enough to point out the problem, since the F-flatness requirement among 
others implies the following conditions 

Fa,, = MAAki + MABBk^ + gx(^kiX ^ 

Fb,, = MsBki + MABAki^O (34) 

Immediately we see that at best there are two possibilities (with Gw unbroken): ei- 
ther Mb and Mab both vanish at the minimum, and thus A = SU (5)-singlet and 
B — undetermined; or 

Clearly none of the two is acceptable. 

The next logical step is to introduce 54-plet S, which is the lowest dimensional rep- 
resentation that contains a singlet of Gw, but no singlet of SU{5). Unfortunately, E can 
not substitute one of the 45-plets, since it cannot couple to the 16-plets (there is no 54 
contained in either of the direct products 16 16 or 16 16). Therefore, the system 
with 54 ,45 and 16, 16, although it can successfully break the S'O(IO) to Gw, can never 
deliver a desired VEV for 45-plet. Thus, S has to be introduced on top of the A, B,X,X 
states. For constructing the superpotential, we have to remember that: (1) as pointed 
above, A and B must transform differently under some symmetry, and (2) superpotential 
must contain a crossing coupling TrUAB or MabTtAB. The second condition is needed 
in order to eliminate the unwanted massless pseudo-Goldstone states, which otherwise 
would be presented since, without a direct cross coupling, A and B can communicate 
only through the S0{&) ® 5'0(4)-invariant VEV of S and, consequently, the correct vac- 
uum would have an accidental global [SO{<o) ® 5*0(4)]^ ® [SO{Q) ® 5*0(4)]^ degeneracy. 



11 



Thus, the superpotential should have the following generic form 




+ -MabTtAB H — gx^X + A^x^^ + {singlet self — couplings) 



(36) 



where at least one of the two constants a and h should be zero. It is not difficult to 
find the combination of the symmetries and the singlet fields, which allow for the desired 
symmetry breaking and the A-plet having the VEVs in the B-L or T'iR direction (or in 
both). However, the problem is that whenever an 5'C/(5)-singlet from x gets a VEV, the 
F-flatness condition implies 



for the A B — L and A ~ T3R cases, respectively. First of all, this immediately means 
that we cannot extract the light doublet from the same x^ X^ because in these two cases 
they get the mass equal to 2M^ and M^, respectively. However, this is not a major 
problem, just the fact that the quantity at the minimum must be non-zero. This 
quantity must transform identically to A under any symmetry other than 50(10) and 
thus, it is very difficult to prevent a multiplet in which doublet-triplet splitting is induced 
by the VEV of A from having a large 5*0(10) invariant mass. One way to improve the 
situation could be to assume that is a superposition of several singlets which, being 
coupled to lO'lO or IQuiggs^QHiggs, exactly compensate each other. Such a solution is 
possible, but we think that a much simpler way is to introduce another 45-plet C with 
vanishing VEV in the right vacuum. Thus, the system with T,, A, B,C,X:X corresponds 
to the simplest possibility and we are lead to the Wqut discussed in the previous sections. 

7. Summary 

Model building at the GUT scale is useful if taken with the proper attitude: as an 
illustration of certain general possibilities to solve the existing physical (or technical) 
problems in the framework of GUTs. On the other hand, it is not sensible to aim already 
now at the 'true' theory. In this paper we have shown that light Higgs doublets in 16, 16 
of 50(10) is a viable alternative, which may explain the heaviness of the top quark and 
offer a new mechanism for doublet-triplet splitting. We have also shown that it is easy 
to construct self-consistent (and relatively simple) models with these properties. 
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+ 3gA = or + 2gA = 
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